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Abstract.  11 
Three long chain cationic surfactants were intercalated into Ca-montmorillonite through ion exchange 12 
and the obtained organoclays were characterised by X-ray diffraction (XRD), high resolution 13 
thermogravimetric analysis (TG) and Raman spectroscopy. The intercalation of surfactants not only 14 
changes the surface properties of clay from hydrophilic to hydrophobic but also greatly increases the 15 
basal spacing of the interlayers based on XRD analysis. The thermal stability of organoclays 16 
intercalated with three surfactants (TTAB, DTAB and CTAB) and the different arrangements of the 17 
surfactant molecules intercalated into Ca-montmorillonite were determined by TG-DTG analysis. A 18 
Raman spectroscopic study on the Ca-montmorillonite modified by three surfactants prepared at 19 
different concentrations provided the detailed conformational ordering of different intercalated 20 
long-chain surfactants under different conditions. The wavenumber of the antisymmetric stretching 21 
mode is more sensitive than that of the symmetric stretching mode to the mobility of the tail of the 22 
amine chain. At room temperature, the conformational ordering is more easily affected by the 23 
packing density in the lateral modal. With the increase of the temperature, the positions of both the 24 
antisymmetric and symmetric stretching bands shift to higher wavenumbers, which indicates a decrease 25 
of conformational ordering. This study offers new insights into the structure and properties of 26 
Ca-montmorillonite modified with different long chain surfactants. Moreover, the experimental results 27 
confirm the potential applications of organic Ca-montmorillonites for the removal of organic impurities 28 
from aqueous media. 29 
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1. Introduction 34 
The montmorillonite is a clay mineral which has a lamellar structure consisting of two inward 35 
pointing tetrahedral sheets and with a central alumina octahedral sheet [1, 2]. The physicochemical 36 
properties of montmorillonites, high cation exchange capacity, swelling property and high surface 37 
areas make montmorillonites to be widely used in range of applications, such as catalysts, 38 
rheology control reagents, waterproof and adsorbents [3-5]. Organo-montmorillonites are 39 
synthesized by the exchange of metallic cations in the interlayer with the cationic surfactants to 40 
impart hydrophobic properties. The previous studies have proved that replacing the inorganic 41 
exchangeable cations with long-chain alkylammonium cations can result in a great capacity 42 
enhancement for the removal of organic contaminants [1, 6].  43 
 In order to investigate the structure of organoclays, a lot of techniques are employed to 44 
collect detailed information, such as X-ray diffraction (XRD), Fourier transform infrared 45 
spectrometry (FTIR), Raman spectroscopic, nuclear magnetic resonance (NMR), 46 
thermogravimetric analysis (TG) and the scanning and transmission electron microscopy (SEM 47 
and TEM). Among them, XRD analysis is the most common method which can determine the 48 
height of clay interlayer space. However, XRD analysis cannot provide any information 49 
concerning the conformational order of the surfactant molecules in the clay interlayer space, 50 
which is of great important for understanding the role of surfactant in the formation of organoclays 51 
and the effectiveness of the surface treating [7, 8]. Infrared spectroscopy has been proved to be a 52 
useful technique for the study of the bonding mechanisms on a molecular scale and the molecular 53 
conformation of surfactants under different conditions [7, 9]. Application of TG technique allows 54 
distinguishing the different surfactant environments and structural arrangement and revealing their 55 
thermal and structural stabilities [10].  56 
Raman spectroscopy has been proved to be a very informative method for investigating the 57 
ordering conformation of the intercalated surfactant chains [11]. Especially, the C-H stretching 58 
region of the Raman spectra of organoclays, such as the bands at 2883 cm-1 (due to antisymmetric 59 
C–H stretching mode) and 2850 cm-1 (due to symmetric C–H stretching mode), is very useful to 60 
detect the intermolecular structure of long-chain surfactants. Moreover, Raman spectroscopy is 61 
very sensitive to the conformational states of the modifier molecules and very convenient since it 62 
provides possibilities to study samples of different shapes and to obtain information with relatively 63 
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high resolution [11].  64 
To the best of our known, there are only limited Raman investigations so far focused on the 65 
confined molecules in organo-montmorillonites [11-13]. Moreover, most of 66 
organo-montmorillonites were prepared by Na-montmorillonites, while only few previous studies 67 
provided insights into the synthesis and characterization of Ca- montmorillonites modified by 68 
different surfactants [1, 4, 5, 14-16]. In this paper, combined with XRD and TG techniques, a 69 
hot-stage Raman technique was carried out to analyze the structure of a series of samples of 70 
organo-montmorillonites. The obtained results will offer new insights into the detailed 71 
conformation of different intercalated long-chain surfactants under different conditions.  72 
 73 
2. Experimental 74 
2.1. Materials 75 
The natural Ca-montmorillonite, obtained from State of Arizona (USA), was purchased from 76 
The Clay Minerals Society denoted as Ca-MMT and was used without further purification. The 77 
cation exchange capacity (CEC) and the specific surface area of the pure montmorillonites are 120 78 
meq/100g and 97.42 m2/g, respectively. Its chemical formula is given as (Ca0.39 Na0.36 K0.02)[Al2.71 79 
Mg1.11 Fe(III)0.12 Mn0.01Ti0.03][Si8.00]O20(OH)4 according to the specification of its producer. The 80 
surfactants selected for the organoclay complexes in this study are dodecyltrimethylammonium 81 
bromide (denoted as DTAB, CH3(CH2)11N(CH3)3Br, FW: 308.34), tetradecyltrimethylammonium 82 
bromide (denoted as TTAB, CH3(CH2)13N(Br)(CH3)3, FW: 336.41) and 83 
hexadecyltrimethylammonium bromide (denoted as CTAB, CH3(CH2)15N(Br)(CH3)3, FW:364.45), 84 
from Sigma–Aldrich with a purity of 99%. 85 
 86 
2.2. Synthesis of the organoclays 87 
 The synthesis of surfactant modified montmorillonites was performed as following: 4 g of 88 
Ca-montmorillonite was initially dispersed in 400 mL of deionised water with a Heidolph 89 
magnetic stirrer for about 30 min. A predissolved stoichiometric amount of surfactant was firstly 90 
dissolved in 100 mL of deionised water and then was stirred for a further 30 min. The dissolved 91 
surfactant was slowly added to the clay suspension at room temperature. The CEC of the 92 
Ca-montmorillonite is 120 meq/100 g, which represents a measure of the loading of the clay with 93 
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the cationic surfactant. For instance, 1.0 CEC is applied when 120 meq/100 g is intercalated into 94 
the Ca-montmorillonite. During the synthesis, a range of surfactant concentration in terms of the 95 
CEC value from 0.5 CEC through 2.0 CEC was prepared. The mixtures were stirred for 3 h at 96 
room temperature using a Branson Ultrasonic model 250 sonifier with an output of 40 mW. All 97 
organoclay products were washed free of bromide anions as determined by the use of the AgNO3, 98 
dried at room temperature, and dried further in an oven (at 65 °C) for 12 h. The dried organoclays 99 
were ground in an agate mortar, and stored in a vacuum desiccator for a week.  100 
 101 
2.3. Characterization methods 102 
2.3.1 X-ray diffraction 103 
The Ca-montmorillonite and experimentally obtained organoclays were pressed in stainless 104 
steel sample holders. X-ray diffraction (XRD) patterns were recorded using CuKα radiation (n = 105 
1.54 Å) on a PANalytical X’Pert PRO diffractometer operating at 40 kV and 40 mA with 0.25° 106 
divergence slit between 3 and 50° (2θ) at a step size of 0.0167°. 107 
 108 
2.3.2 Thermogravimetric analysis 109 
Thermogravimetric analysis (TG) of the pure Ca-MMT and organoclay was obtained by 110 
using TA Instruments Inc. Q500 high-resolution TGA operating at ramp 5 °C/min with resolution 111 
6.0 °C from room temperature to 1000 °C in a high-purity flowing nitrogen atmosphere (40 112 
cm3/min). Approximately 30-50 mg of finely ground samples were applied for TG using Netzsch 113 
TG 209 type thermobalance at ramp 10 °C /min from room temperature to 900 °C in high purity 114 
flowing argon (80%) with 20% of oxygen. 115 
 116 
2.3.3 Raman microprobe spectroscopy 117 
The crystals of Ca-MMT, surfactants and the obtained organo-clay were placed and oriented 118 
on the stage of an Olympus BHSM microscope, equipped with 10× and 50× objectives and part of 119 
a Renishaw 1000 Raman microscope system, which also includes a monochromator, a filter 120 
system and a charge coupled device (CCD). A Spectra-Physics model 127 He-Ne laser (633 nm) at 121 
a resolution of 2 cm-1 in the range between 100 and 4000 cm-1 was used for Raman excitation. 122 
Repeated acquisition, using the highest magnification, was accumulated to improve the 123 
signalto-noise ratio in the spectra. Spectra were calibrated using the 520.5 cm-1 line of a silicon 124 
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wafer. Powers of less than 1 mW at the sample were used to avoid laser induced degradation of the 125 
sample. Slight defocusing of the laser beam also assists in the preservation of the sample. Spectra 126 
at elevated temperatures were obtained in an air atmosphere using a Linkam thermal stage 127 
(Scientific Instruments Ltd., Waterfield, Surrey, England). Samples were placed in a stainless-steel 128 
cup, fitted over the silver plate of the thermal stage. Spectra were obtained using 60s scans using a 129 
special short 50× (ULWD) OBJECTIVE. Samples were heated at 10 °C min-1 until constant 130 
temperature was achieved. Details of the technique have been published by the authors [17-20]. 131 
Spectral manipulation such as baseline adjustment, smoothing and normalisation was performed 132 
using the GRAMS® software package (Galactic Industries Corporation, Salem, NH, USA). 133 
 134 
3. Results and discussion 135 
3.1. XRD analysis 136 
X-ray diffraction is one of most useful techniques to probe the layered structure and the basal 137 
spacing of organoclays. The intercalation and molecular structure configuration of the intercalated 138 
alkyl chain into the clay layers can be indirectly obtained on the basis of the basal spacing. The 139 
XRD patterns of Ca-montmorillonite and the organoclays prepared using different surfactants with 140 
different loading are presented in Fig.1. The increasing basal spacings of untreated 141 
Ca-montmorillonite and the organoclays are indicated in Fig. 2. 142 
 7 
 
 143 
Fig. 1. XRD patterns of untreated Ca-montmorillonite and organoclays modified with 144 
different surfactants. 145 
 146 
Fig. 2. d(001) basal spacings of untreated Ca-montmorillonite and organoclays modified 147 
with different surfactants. 148 
 Changes in basal spacings are often an indication that organic surfactant has been intercalated 149 
within the interlayers of organoclays. On the other hand, on the basis of XRD results, various 150 
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models have been proposed for the molecular conformation of the surfactant intercalated, such as 151 
lateral monolayer, lateral bilayer, paraffin monolayer, paraffin bilayer and pseudotrilayer [21]. 152 
From Figs.1 and 2, depending on the loading amount of three surfactants, the expansion of the 153 
layers in each step clearly occurred. Based on the result, the configuration of the structure of the 154 
molecules between clay unit layers is suggested. 155 
At a lower surfactants loading (0.5 CEC), the d values for DTAB, TTAB and CTAB are 156 
1.60nm, 1.68nm and 1.68nm respectively, which are characteristic for a single-layered structure in 157 
the interlayer space of Ca-MMT [14, 15]. From 1.0 CEC to 2.0 CEC for DTAB and TTAB, the d 158 
values are slightly increased from 1.94 to 2.03 nm and 2.13 to 2.19 nm, respectively. The basal 159 
spacings in this range imply the arrangement of DTAB and TTAB molecules in the interlayer 160 
space is changed from monolays to bilayers [6]. As for organoclays modified by CTAB, the 161 
configuration of the structure of the molecules displays a different variation trend from 1.0 CEC to 162 
2.0 CEC. At a medium CTAB content (1.0 CEC), the d values is up to 2.51 nm, which reflects a 163 
paraffin-type monomolecular arrangement. Two d(001) basal spacings at 3.84 nm (with a shoulder 164 
of 1.98 nm d(002)) and 3.81 nm (with a shoulder of 1.95 nm d(002)) are observed in 1.5 165 
CEC-CTAB and 2.0 CEC-CTAB, respectively. The observed deviations of subsequent diffraction 166 
orders from integer values should be caused by the instrumental effect that stems from 167 
Bragg-Brentano parafocusing method. The larger basal spacings (d(001)) at 3.84 nm and 3.81 nm 168 
are attributed to the paraffin-type bilayer arrangement in CTAB modified organoclays [6, 7].  169 
3.2. TG analysis 170 
Thermal stability of Ca-montmorillonite and packing arrangement of intercalated surfactant 171 
within the organoclays were investigated by thermogravimetric analysis (TG). The 172 
thermogravimetric (TG) and derivative thermogravimetric (DTG) curves of Ca-MMT and 173 
organoclays intercalated with the different surfactants are shown in Fig. 3, 4, 5 and 6. 174 
 175 
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 176 
Fig. 3 TG and DTG curves of Ca-MMT. 177 
From the DTG curve of Ca-MMT, two main mass loss steps are observed. The first mass loss 178 
is attributed to the dehydration of adsorbed water, and water molecules around metal cations on 179 
the exchangeable sites in Ca-MMT. The last mass loss step at 571 °C with a mass loss of 3.98 % is 180 
assigned to the dehydroxylation of the montmorillonite. From the above result, it is concluded that 181 
the structure of Ca-MMT is relatively stable and will maintain the layer structure up to 900 °C 182 
[22].  183 
In the DTG curves of the organclays modified by TTAB, with increasing the surcatant loading 184 
amount, the first mass loss which is attributed to the dehydration of physically adsorbed water was 185 
gradually decreased from 9.23% to 5.46%. Similar trends were also found in the DTG curves of 186 
the organclays intercalated with CTAB, which have mass loss from 9.38% to 4.64%. From the 187 
thermal decomposition peaks for DTAB-0.5CEC, two main thermal decomposition steps are 188 
proposed: the first step is assigned to the dehydration of surface physically adsorbed and 189 
interstitial water molecules near metal cations such as Na+ or Ca2+. The other step is attributed to 190 
the decomposition of the surfactant (centered at 361 °C). It has been reported that the 191 
decomposition temperatures of pure surfactants (TTAB, DTAB and CTAB) are 194 ºC, which are 192 
lower than that of surfactants intercalated in organoclays [22, 23]. The result indicates that the 193 
surfactant molecules are bonded to the MMT siloxane layer. As a result, a higher temperature is 194 
needed to remove the surfactant molecules bonded on the clay surfaces [24]. With the increase of 195 
the surfactant loading, from 0.5 to 2.0 CEC, the number of peaks increases. When the surfactant 196 
loading exceeds the CEC of the clay, a new generated peak is observed (at 242-247 °C), which is 197 
caused by the strong adhesion of the surfactant to the clay surface by van der Waals forces [6, 25]. 198 
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Based on the XRD and TG analysis, the surfactants have been successfully intercalated into 199 
the interlayer or on the surface of the Ca-MMT. In order to find the actual amounts of organic 200 
molecules in organoclays, the loaded surfactant amount could be determined by TG. According to 201 
Eq.(1), the actual loading amount of three surfactant could be calculated, and the results are 202 
summarized in Table 1 [25]. 203 
CECCEC
L 


S)-(100y)-(M
510S
3102-10S)-(100my)-(M
1002-10Sm                               (1) 204 
Where L is the real loaded surfactant amount; m is the total weight of organoclay; M is the 205 
molecular weight of surfactant; S% is the weight loss percentage of surfactant in organoclay; y is 0 206 
(if all the Br ions remain) or 80 (no Br ion, the molecular weight of Br is 80). Table 1 displays that 207 
there are differences between the amount of surfactant added and the amount of surfactant loaded 208 
in obtained organoclay. From Table 1, it is obvious that there is less surfactant loaded in the 209 
organoclays than that predicted by the theoretical values in DTAB- and TTAB-modified 210 
organoclays. The real surfactant loading does not change too much when the added surfactant is 211 
more than 1.0 CEC. For organoclay modified by CTAB, the data fit quite well to the theoretical 212 
values even the added surfactant is up to 2.0 CEC. The above results exhibit that the longer chain 213 
surfactant should be favor to intercalation. Similar trends has also been observed by Xi et al [25]. 214 
 215 
 216 
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  217 
 218 
 219 
Fig. 4 TG and DTG curves of DTAB-0.5CEC (a), DTAB-1.0CEC (b), DTAB-1.5CEC (c) 220 
and DTAB-2.0CEC (d). 221 
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 222 
 223 
 224 
 225 
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Fig. 5 TG and DTG curves of TTAB-0.5CEC (a), TTAB-1.0CEC (b), TTAB-1.5CEC (c) 226 
and TTAB-2.0CEC (d). 227 
 228 
 229 
 230 
 231 
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 232 
Fig. 6 TG and DTG curves of CTAB-0.5CEC, CTAB-1.0CEC, CTAB-1.5CEC and 233 
CTAB-2.0CEC. 234 
Table 1 Real surfactant loading of DTAB, TTAB and CTAB in the obtained organoclays. 235 
CEC (added) 0.5 1.0 1.5  2.0 
DTAB-Ca-MMT 
S (%) 14.12 22.35 23.70  23.13 
Exchanged value (with Br ion, CEC) 0.44 0.78 0.84  0.81 
Exchanged value (without Br ion, CEC) 0.60 1.05 1.13  1.10 
TTAB-Ca-MMT 
S (%) 16.05 25.42 25.94  29.27 
Exchanged value (with Br ion, CEC) 0.47 0.84 0.87 1.03 
Exchanged value (without Br ion, CEC) 0.62 1.11 1.14 1.34 
CTAB-Ca-MMT 
S (%) 17.38 28.07 40.77  46.22 
Exchanged value (with Br ion, CEC) 0.48 0.89 1.57  1.97 
Exchanged value (without Br ion, CEC) 0.62 1.14 2.02  2.52 
 236 
3.3. Raman spectroscopy at room temperature 237 
Raman spectroscopy of the methylene group in the range of 2700 cm-1 and 3100 cm-1 has 238 
been extensively used to characterize amine chain conformations [11]. As a result, we 239 
concentrated our study in the region of the C-H stretching vibrations. Raman spectra of three 240 
surfactants and the modified clay with different content of three surfactants are showed in Fig. 7. 241 
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  242 
 243 
Fig. 7. Raman spectra of crystalline three surfactants and the organoclay modified by three 244 
surfactants at room temperature. ( (a) DTAB; (b) TTAB; (c) CTAB) 245 
 Compared with Raman spectra of the pure surfactants, the organ-montmorillonites are less 246 
resolved, especially for the asymmetric stretching vibration of methylene groups at 2881 or 2882 247 
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com-1 and the symmetric C-H stretching vibration at 2849 or 2850 cm-1. This is attributed to the 248 
fact that the molecular environment for surfactants confined within the montmorillonite gallery is 249 
different from that for pure crystalline surfactants and maybe because the CH2 units bond to the 250 
siloxane surface and/or to the hydroxyl surface [11, 12]. It is clear that the loading amounts of 251 
surfactants have influence on the position of the asymmetric stretching vibration of methylene 252 
groups, which is in line with the previous studies [11]. In the high concentration range (1.0-2.0 253 
CEC), the position of the asymmetric stretching vibration of methylene groups keep relatively 254 
constant, while the position of the asymmetric C-H stretching band shifts to the higher 255 
wavenumber, which is directly connected with the increase in the amount of gauche-conformers 256 
and the disordering of molecular packing [12, 13, 26, 27]. Based on XRD results, 1.0 CEC is the 257 
critical concentration for the change of the structure of the organophillic layer, which is also the 258 
point where the dramatic wavenumber shift ends and begins to keep relatively constant. It is 259 
concluded that the conformational ordering is more easily affected by the packing density in the 260 
lateral modal. Moreover, the symmetric C-H stretching band is very close to the wavenumber of 261 
the pure surfactants in addition to a slight shift to high wavenumber at relatively lower 262 
concentration and shows no obvious dependence on the concentration of amine. By comparison 263 
with the previous studies by He et al. and Prokhorov et al [11, 12], similar variation trends were 264 
obtained. On the other hand, as for CTAB, the intensity of asymmetric C-H stretching vibration is 265 
higher than that of the other two surfactants with shorter chain length. The spectra of CTAB-1.5 266 
CEC and CTAB-2.0 CEC are similar to the spectrum of the pure CTAB, indicating that the CTAB 267 
molecules forms a higher content of trans-conformer or some excess CTAB molecules adhere to 268 
the clay surface by van der Waals force [11].  269 
 270 
3.3. Raman spectroscopy of organo-montmorillonites at elevated temperature (30-200 °C) 271 
 The molecular environment changes and the conformational order of adsorbed surfactants in 272 
the clay interlays space were studied by the use of Raman microscopy in conjunction with a 273 
thermal stage.   274 
Based on the XRD results, the alkylammonium ions of modified organoclays at 1.0 CEC and 275 
2.0 CEC surfactants loading levels form different interlamellar arrangements. Fig. 8 displays the 276 
Raman spectra of DTAB-1.0 CEC and DTAB-2.0 CEC at different temperatures.  277 
 17 
 
  278 
Fig. 8. Raman spectra of DTAB-1.0 CEC and DTAB-2.0 CEC at different temperatures. 279 
With the temperature increasing, the wavenumber of both the symmetric and antisymmetric 280 
C-H stretching vibration shifts to varying degrees. The variation of wavenumber of the 281 
antisymmetric and the symmetric C–H stretching bands for DTAB-1.0 CEC and DTAB-2.0 CEC 282 
is presented in Fig. 9.  283 
   284 
Fig. 9. Variation of wavenumber of the antisymmetric and the symmetric C–H stretching 285 
bands for DTAB-1.0CEC and DTAB-2.0CEC as a function of temperature.  A: symmetric 286 
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C–H stretching band for DTAB-1.0 CEC; B: antisymmetric C–H stretching band for 287 
DTAB-1.0 CEC; C: symmetric C–H stretching band for DTAB-2.0 CEC; D: antisymmetric 288 
C–H stretching band for DTAB-2.0 CEC. 289 
From Fig. 9, for the DTAB-1.0 CEC sample, from 30 °C to 200 °C the wavenumber of 290 
symmetric C–H stretching band shifts from 2851 to 2852.4 cm-1, while that of the antisymmetric 291 
C–H stretching band shifts from 2882.1 to 2889.2 cm-1. On the other hand, for the DTAB-2.0 CEC, 292 
a similar change is observed. The wavenumber of symmetric C–H stretching band shifts from 293 
2850.8 to 2852.7 cm-1 whereas that of the antisymmetric C–H stretching band shifts from 2882.5 294 
to 2890.6 cm-1. According to the magnitudes of the shift change, it is clear that the antisymmetric 295 
C–H stretching band is more sensitive than the symmetric C–H stretching band, which is in 296 
accordance with the previous results by He et al [11]. Moreover, when the temperature is up to 297 
140 °C for 1.0 CEC-DTAB and 180 °C for 2.0 CEC-DTAB, the antisymmetric C–H stretching 298 
band becomes very weak and broad. Compared with the higher CEC value of 2.0 CEC, the 299 
bandwidth of the antisymmetric C–H stretching band is larger at high temperature, which means 300 
there are more mobile amine chains in DTAB-1.0 CEC. This is attributed to that the different 301 
amine molecular arrangements for DTAB-1.0 CEC and DTAB-2.0 CEC. The packing density in 302 
the bilayer modal is higher than that of the monolayer modal, which suggests that there is less 303 
room for the movement of the tail of amine chain making the structure more stabilized at high 304 
temperatures. 305 
Raman spectra of TTAB-1.0CEC and TTAB-2.0CEC at different temperatures are showed in 306 
Fig. 10, which are quite similar to that of DTAB modified organoclays. The variation of 307 
wavenumber of the antisymmetric and the symmetric C–H stretching bands for TTAB-1.0 CEC 308 
and TTAB-2.0 CEC is summarized in Fig. 11.  309 
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 310 
Fig. 10. Raman spectra of TTAB-1.0 CEC and TTAB-2.0 CEC at different temperatures. 311 
 312 
Fig. 11. Variation of wavenumber of the antisymmetric and the symmetric C–H stretching 313 
bands for TTAB-1.0CEC and TTAB-2.0CEC as a function of temperature.  A: symmetric 314 
C–H stretching band for TTAB-1.0CEC; B: antisymmetric C–H stretching band for 315 
TTAB-1.0CEC; C: symmetric C–H stretching band for TTAB-2.0CEC; D: antisymmetric 316 
C–H stretching band for TTAB-2.0CEC. 317 
From Fig. 11, with the increase of temperature, the wavenumber of symmetric C–H 318 
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stretching band shifts from 2850.8 to 2852.9 cm-1 for the DTAB-1.0 CEC sample, while that of the 319 
antisymmetric C–H stretching band shifts from 2882.4 to 2890.5 cm-1. On the other hand, for 320 
DTAB-2.0 CEC, the wavenumber of symmetric C–H stretching band shifts from 2851 to 2854.4 321 
cm-1 whereas that of the antisymmetric C–H stretching band shifts from 2885 to 2895.2 cm-1. 322 
Through the DTAB and TTAB molecules arrangement in the interlayer space is similar according 323 
to the XRD results, it is interesting that the magnitudes of the shift change in both the 324 
antisymmetric and symmetric C–H stretching bands of TTAB are relative larger than that of 325 
DTAB, which means a decrease in the number of ordered conformers for TTAB modified 326 
organoclays.  327 
Raman spectra of CTAB-1.0CEC and CTAB-2.0CEC at different temperatures are displayed 328 
by Fig. 12. The variation of wavenumber of the antisymmetric and the symmetric C–H stretching 329 
bands for CTAB-1.0 CEC and CTAB-2.0 CEC is summarized in Fig. 13.  330 
 331 
Fig. 332 
12. Raman spectra of CTAB-1.0 CEC and CTAB-2.0 CEC at different temperatures. 333 
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 334 
Fig.13. Variation of wavenumber of the antisymmetric and the symmetric C–H stretching 335 
bands for CTAB-1.0CEC and CTAB-2.0CEC as a function of temperature.  A: symmetric 336 
C–H stretching band for CTAB-1.0CEC; B: antisymmetric C–H stretching band for 337 
CTAB-1.0CEC; C: symmetric C–H stretching band for CTAB-2.0CEC; D: antisymmetric 338 
C–H stretching band for CTAB-2.0CEC. 339 
It can be seen from Fig. 12 and Fig. 13, with the increase of temperature, the wavenumber of 340 
symmetric C–H stretching band shifts from 2850.8 to 2854.5 cm-1 for the CTAB-1.0 CEC sample, 341 
while that of the antisymmetric C–H stretching band shifts from 2883.1 to 2893.8 cm-1. On the 342 
other hand, for CTAB-2.0 CEC, the wavenumber of symmetric C–H stretching band shifts from 343 
2848.3 to 2854.4 cm-1 whereas that of the antisymmetric C–H stretching band shifts from 2881.7 344 
to 2900.7 cm-1. Compared with the organoclays modified by TTAB and DTAB, the magnitudes of 345 
the shift change in both the antisymmetric and symmetric C–H stretching bands of CTAB are 346 
relative larger than that of the other two surfactants, which indicates a decrease in the number of 347 
ordered conformers for shorter alkyl chain length surfactants. Compared with the organoclays 348 
modified by CTAB-1.0 CEC, the wavenumbers of the two bands for CTAB-2.0 CEC are higher 349 
than the corresponding ones which means that the CTAB molecules arrangement in higher amine 350 
concentration indicates a much greater degree of trans-conformation. This is attributed to the more 351 
mobile amine chains in CTAB-2.0 CEC, and extra energy is provided when the heating 352 
temperature is increased [27].                                                                        353 
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4. Conclusions 354 
The basal spacing of organoclays was obtained from XRD analysis and gave details of 355 
arrangement of surfactants in the organoclays. At a lower surfactants loading, the arrangements of 356 
three surfactants are characteristic for a single-layered structure in the interlayer space of Ca-MMT. 357 
With increasing the surfactants loading, the arrangement of DTAB and TTAB molecules in the 358 
interlayer space is changed from monolays to bilayers. As for organoclays modified by CTAB, the 359 
arrangement of CTAB molecules is changed from monolays to paraffin bilayers with the increase 360 
of the surfactants loading. The high resolution TGA is used to determine the thermal stability of 361 
Ca-montmorillonite and packing arrangement of intercalated surfactant within the organoclays 362 
different concentrations of surfactant-modified clays and provide more information on their 363 
configuration and structural changes in the organoclays. In addition, the actual loading amounts of 364 
three surfactants in organoclays have been described. Raman spectroscopic study proves that the 365 
wavenumber of the antisymmetric stretching mode is more sensitive than that of the symmetric 366 
stretching mode to the mobility of the tail of the amine chain, which is the same as the previous study 367 
results. At room temperature, the conformational ordering is more easily affected by the packing 368 
density in the lateral modal. With the increase of the temperature, the positions of both the 369 
antisymmetric and symmetric stretching bands shift to higher wavenumbers, which indicates a decrease 370 
of conformational ordering. From the above results, the Ca-MMT with a high CEC is successfully 371 
intercalated with three long chain surfactants and the structural properties are changed from hydrophilic 372 
to hydrophobic. In addition, this type of organoclays is thermally stable at a relatively high temperature 373 
and will potentially be used as good adsorbents for recalcitrant organic pollutants in wastewater.  374 
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